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EDITORIAL. 


Morton. 


On October 16th it will be seventy-eight years since the 
immortal Morton gave his memorable demonstration of the 
anesthetic value of ether. J. C. Warren, Boston’s leading 
surgeon, was the operator, and Gilbert Abbott, a printer, was 
the patient. The audience looked on amazed and awed as the 
operation proceeded, and at the end of five minutes, while 
still the half-stupified patient lay on the table, Warren turned 
to his audience and said: ‘‘ Gentlemen, this is no humbug.” 

In all the annals of science there is probably no more tragic 
figure than that of Morton. It has been truly said of him that 
the epoch gift he made to the world was grudgingly offered, 
and, as a consequence, the recognition it returned was cold 
and forced. Though all peoples were his beneficiary the 
unfortunate New England dentist died a broken man. 

On October 16, 1896, just fifty years after his demonstration 
at the Massachusetts General Hospital, at a gathering of great 
scientists from every quarter of the globe assembled in the 
same hospital to do honour in death to him who was harassed 
in life, the words of James Bigelow—written thirty years 
previously—were sincerely re-echoed: ‘‘ The suffering and 
now exempted world have not forgotten the poor dentist who, 
amid poverty, privation and discouragement, matured and 
established the most beneficent discovery which has blessed 
humanity since the primeval days of Paradise.”’ 

The mistake Morton made was in attempting to commer- 
cialize something which belonged to all suffering humanity. 
Ether, though duly patented by him, proved as impossible of 
monopolization as the ozone of the atmosphere ; and there was 
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begun a series of lawsuits against infringements which soon 
impoverished the patentee and gained for him the hostility of 
practically the entire profession. Nor was this all. His old 
teacher, Dr. Jackson, who claimed, with little reason, a part in 
the discovery, attempted to force Morton to share with him the 
possible financial rewards. Thus was initiated the great battle 
between master and pupil, while at the same time medical men 
generally used ether freely, quite regardless of any restriction. 

Morton early revealed its nature to the Massachusetts 
General Hospital, and he also assigned to charitable institu- 
tions the right to use ether at will. The Government provided 
it extensively for use in the war with Mexico, thus infringing 
its own patent. Morton’s licensees saw themselves ruined, and 
turned to him for redress. Legal contests resulted in ruination 
for all concerned, and finally, with the support of the Boston 
medical profession, Morton petitioned Congress for financial 
recognition. Committees set up to go into the matter 
reported favourably, notwithstanding the careful hearings 
given to the ever-hostile Jackson, and these ultimately advised 
a grant of one hundred thousand dollars from the national 
treasury. Congress, however, failed to act on this advice, and, 
in utter despair, Morton memorialized the President, who was 
so favourably impressed that he was about to authorize a 
liberal compensation when the Secretary of War, Jefferson 
Davis, urged him first to require a test suit to be brought 
against a Government official for making use of ether without 
payment to the patentee. 

Morton accordingly entered an action against a surgeon of 
the Marine Hospital Service, and obtained judgment. In the 
meantime there came into office a new Government, and the 
Secretary of the Treasury demanded other suits. These, 
unfortunately, were decided against the claimant by the 
Supreme Court, and thus all hope of governmental recognition 
vanished. 

And what, will be asked, was the attitude of the medical 
profession toward Morton? This can be judged by the action 
of the American Medical Association which passed resolutions 
of scathing censure against him, and this put an end of any 
hope of assistance from that quarter. He died a broken man 
July 15, 1868, of apoplexy, aged 49 years. 
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It seems to have been generally accepted by the ablest 
authorities of the period that to Morton was due the discovery 
of the anzesthetic effects of ether, and that to Jackson belonged 
only an extremely minor part in it. But by his attempt to 
make a monopoly of this great beneficence for his own financial 
profit Morton arrayed against himself many who would have 
been otherwise delighted to bestow honour and recognition 
upon him. And yet in 1847, speaking of ether, Oliver 
Wendell Holmes said to his students: ‘In this very hour 
while I am speaking how many human creatures are cheated 
of pangs which seemed ‘inevitable as the common doom of 
mortality and lulled by the strange magic of the enchanted 
goblet, heid for a moment to their lips, unto a repose which 
has something of ecstasy in its dreamy slumbers.’’! 


1‘* A Narrative of Medicine in America,’? Mumford. 


NOTES. 


During the war ethylene was used as a base for the manufacture 
of mustard gas. It is used extensively as a cutting and welding gas, 
as well as occasionally in replacing acetylene in oxy-acetylene torches. 
in chemical industries it is used to manufacture ethylene dichlorid, 
ethylene bromide and diethyl sulphate, compounds which enter into 
the making of dyes. It has also recently been utilized to accelerate 
the ripening of oranges and lemons. 

* * * * 

Dr. Eleanor Seymour, retiring president of the American Associa- 
tion of Anzesthetists, has been presented with a silver loving cup by 
the Associated Anzesthetists of the United States and Canada. Dr. 
Seymour was largely responsible for the California legislation 
requiring a definite course in anesthesia as a legal requirement for 
the practice of medicine. 

A similar honour was bestowed upon Dr. E. I. McKesson, of 
Toledo, Ohio, in recognition of his researches and technical advances 
in the practice of nitrous oxid-oxygen anesthesia and analgesia. 

+ * 

The next meeting of the Anzsthetic Section, Royal Society of 
Medicine, takes place on Friday, Nov. 7th; the meeting after that 
being on Friday, Dec. 5th. ‘‘ The Prevention and Treatment of post- 
operative pulmonary affections ’’ is the subject fixed for a combined 
meeting of the sections of Surgery, Medicine, Anzesthetics, Pathology 
and Obstetrics at a date to be later announced. 
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ANAESTHESIA AND BLOOD REACTION.’ 


By Cuauncey D. LEAKE, 
Assistant Projf., Pharmacology, University of Wisconsin. 


INTRODUCTION. 


HE introduction of rapid and convenient laboratory and 
clinical methods for the estimation of the acid-base 
balance of blood opened a large field for investigation. It was 
quickly apparent that, in spite of the capable buffering systems 
present in the body, wide fluctuations in the blood reaction 
followed as a result of various disturbed physiological 
activities. Among the conditions influencing the acid-base 
equilibrium of the blood, anzsthesia was early recognized as 
important by Crile (1915) and others. 

The normal and abnormal variations in the acid-base 
balance of blood have been admirably reviewed, with an 
excellent bibliography by Van Slyke (1921). The hydrion 
concentration of blood, as an index of theacid-base equilibrium, 
was conveniently expressed by L. J. Henderson (1909) in the 
mathematical equation 


_ y[H.CO,] 


This was expressed in logarithmic form by Hasselbalch 
(1916), in order to conform to Sérenson’s (1912) convenient 
method of expressing hydrion concentration, as 


NaHCO, ] 
[H,CO,] 


In this equation K is the ratio between the dissociation 
constant of H,CO, and the degree of dissociation of NaHCO, 


pH = pK + log 


1. Read before the Third Annual Congress of Anesthetists, 
Chicago, IIl., June 9, 1924. 
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into Nat and HCO,-, while pK is the negative logarithm of 
K. From many different sources of data, Haggard and 
Henderson (1919) estimated the value of K for blood as 
8 x 10%, the negative logarithm, or value of pK, for which is 
6.10. The value of pH for normal blood would therefore be 
something like 


1. % CO, as NaHCO,) 
H = 6.10'+ log Us 
P aii 2.5 (vol. % CO, as H,CQ,) 74 


As pointed out by L. J. Henderson (1921) and Koehler (1923), 
various other ratios, in addition to [H,CQO,] :)[NaHCQO,}], 
are important in the determination of blood reactions. 
Attention directly solely to the ratio of carbonic acid to sodium 
bicarbonate would stress the respiratory factor in the 
determination of blood reaction, while from the point of view 
of kidney function the ratio of NaH,PO, to Na,HPO, would 
be important, and from the standpoint of tissue metabolism the 
ratio of free oxygen to oxy-hemoglobin, or of acid proteinate 
to alkali proteinate, or other ratios, would deserve considera- 
tion. For practical purposes, however, and because of relative 
ease of determination, the original ratio of carbonic acid to 
sodium bicarbonate is most convenient. 

As indicated by Van Slyke (1921), bicarbonate is the form 
taken by all bases in the blood not bound by acids other than 
carbonic. The bicarbonate is usually estimated indirectly as 
the alkaline reserve (Van Slyke and Cullen, 1917) or the CO, 
combining power of the blood at normal alveolar CO, tensions 
of 40 to 45mm. Hg., and is generally between 45 and 55 
volumes per cent. for serum or oxalated plasma. For whole 
blood it is about 10 volumes per cent. lower. The determina- 
tion of the total CO, content of the whole blood (Van Slyke 
and Stadie, 1921) gives the bicarbonate plus the carbonic acid 
CO, at the alveolar CO, tension of the individual. It has 
become the general custom in discussing blood reaction, to rely 
upon the determination of total CO, content and pH, the latter 
estimated colorimetrically or electrometrically (Clark, 1923). 
As emphasized by Van Slyke (1921) these determinations are 
sufficient to indicate the state of the acid-base balance. 

A very convenient diagram summarizing the normal and 
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abnormal variations in the acid-base equilibrium has been 
constructed by Van Slyke (1921). This is reproduced in 
simplified form in Fig. 1. In this diagram, CO, tensions are 
abscissze, and total CO, content values are ordinates. The 
curved lines inclose the maximum limits of the CO, absorption 
curves for blood of different normal humans at various CO, 
tensions (Peters, Barr and Rule, 1921), while the straight 
slanting lines are the pH values obtained from the equation 
above noted. The bicarbonate, at any CO, tension, may be 
obtained by subtracting the small amount of CO, as H,CO, 
from the total CQ,. 

As indicated by this diagram, nine possible variations in 
the acid-base balance of blood may occur; for either a high, 
low, or normal pH, there may be a high, low, or normal 
bicarbonate value. Every effort is made, of course, by the 
buffer systems of the body to maintain the pH of blood within 
normal limits, in spite of all possible physiological conditions. 
If the bicarbonate varies, but the pH remains normal, the 
condition is a compensated one, whereas if the pH goes 
beyond normal limits, the situation is uncompensated. Thus, 
one may note a compensated alkali or CO, excess, in which 
the pH is normal, but in which (for the compensated alkali 
excess) the high bicarbonate is balanced by a proportionately 
high [H,CO,], and vice versa for the CO, excess. A rela- 
tively large excess of bicarbonate may disturb the balance so 
that the pH goes above 7.5, and the blood may become 
alkaline, or a relative excess of CO, may swing the pH to 
below 7.3 when an uncompensated acidotic condition would 
occur. On the other hand, there may be a compensated alkali 
or CO, deficit which, within a narrower range, might change 
to an uncompensated alkaline or acid condition. 

These various possibilities in the acid-base equilibrium are 
found clinically. Thus, an uncompensated alkali excess may 
be noted after overdosing with sodium bicarbonate, while an 
uncompensated CO, deficit may result from hypernea, the 
clinical symptoms in both cases being those of tetany. 
Compensated alkali excess or CO, deficit is produced by the 
same mechanisms as those causing an uncompensated alkali 
excess or an uncompensated CO, deficit, but the process is not 
as far advanced. On the other hand, a compensated CO, 
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excess has been noted in cyanotic pneumonia patients. The 
conditions of alkali deficit were the first to be observed 
clinically, and were generally and loosely described as 
‘* acidosis.’’ A compensated or uncompensated alkali deficit 
may occur as the result of an accelerated production of non- 
volatile acid, as in diabetes, where the condition is now 
often termed “ ketosis’’ (from the presence of the so-called 
‘‘ ketone bodies ’’), or as a result of the retarded elimination of 
these non-volatile acids, as in nephritis. Some cardiac cases 
also show alkali deficit. In conditions of alkali deficit, the 
bicarbonate is low, and the pH also tends to be lower than 
normal, that is, the blood tends to be more acid than normal. 
This is the situation noted in anzesthesia. 

Aside from a direct action of the anzsthetic agents on the 
acid and basic elements of blood themselves (a doubtful 
possibility), variations in three important body functions as a 
result of the anzsthesia may influence the blood reaction : 
(a) respiration, (b) kidney excretion, and (c) tissue metabolism 
or oxidation. Probably all these and other unrecognized 
factors actually play a réle in bringing about the changes in 
the acid-base equilibrium of blood observed under various 
types of anzesthesia, but there is no agreement among workers 
as to the relative importance of these factors in the conditions 
discussed. 

BLoop REACTION UNDER ETHER. 

In reviving the acapnia theory of anzsthetic shock, 
Henderson and Haggard (1918) placed special emphasis on 
respiration as a factor modifying the acid-base equilibrium. 
According to these authors, in the respiratory stimulation, 
which they supposed to be usually present in ether anzsthesia, 
carbon-dioxide is more rapidly removed by the lungs than 
normally, so that an excess of free base, hitherto binding this 
lost carbon-dioxide accumulates in the blood, and by diffusion 
passes into the tissues, until the equilibrium of [H.,CO,]: 
[ NaHCO, ] is re-established in the blood at a lower level of 
alkali than normally. In the nomenclature adopted here, this 
would be a compensated CO, deficit, with a tendency toward 
decompensation, that is, toward an alkalotic condition. On the 
other hand, these authors assert that if respiration is depressed 
under ether, the reverse situation takes place, that is, carbon- 
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dioxide accumulates in the blood, drawing more alkali into the 
blood from the tissues to bind it, and thus establishing the 
[H,CO,]: [NaHCO,] balance at a higher alkali level than 
normally. This would be a compensated CO, excess as long 
as alkali remained available, when it would tend to go over into 
an uncompensated CO, excess, that is, high blood bicarbonate 
with low blood pH. Henderson and Haggard made no direct 
determinations of the blood pH in their experimental work on 
ether anzesthesia in dogs, but rather inferred from the supposed 
appearance of respiratory stimulation under ether that a CO, 
deficit generally occurred under ether with a consequent 
tendency toward an alkalotic condition. 

Menten and Crile (1915), however, had already shown a 
fall in the blood pH in rabbits under ether, while Caldwell 
and Cleveland (1917) had noted a consistent reduction in the 
plasma bicarbonate of patients under ether. This same 
phenomenon of a marked and consistent decrease in the 
alkaline reserve in etherized dogs was observed by Carter 
(1920) and also by Raymund (1920). Carter’s experiments 
showed that the fall in bicarbonate was not due to an acapnia, 
since it occurred even if the CO, content of inspired air was 
maintained at 3 per cent. Collip (1920) concluded from his 
indirect determinations of blood pH in dogs under ether that 
the pH does not rise, that is, that the blood does not tend to 
become alkaline, while Atkinson and Ets (1922) by direct 
determinations found that the blood pH and the carbon- 
dioxide content both consistently fall under ether. These 
independent observations, therefore, indicated the production 
of an uncompensated alkali deficit following ether, rather than 
the diametrically opposed CO, deficit as postulated by 
Henderson and Haggard. 

Van Slyke, Austin and Cullen (1922) put this question to 
direct test and found in all their experiments that the pH of 
the blood falls either at once or in a short time after the ether 
anzesthesia is begun, and although the pH remains low or 
continues to fall, the alkaline reserve also continues to fall. 
In no case was any rise of pH above the initial value observed. 
This evidence indicates that these changes are not compensa- 
tory to a supposed acapnia, but that a true acidosis occurs 
with increased hydrion concentration of the blood and fall in 
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alkaline reserve, due either to the introduction of non-volatile 
acids into the blood, or to the withdrawal of base from it. 
Leake, Leake, and Koehler (1923) had already in 1920 doubted 
the validity of Henderson and Haggard’s conclusions, and in 
1923 published their findings. They found that in prolonged 
ether anzsthesia, whether respiration is steadfastly diminished 
or increased, the pH and alkaline reserve of blood: fall 
markedly, while the ketone bodies show no significant change. 
In very short ether anzsthesia in dogs, in which hyperventila- 
tion takes place, the pH and alkaline reserve of blood fall, 
while the ketone bodies tend to rise. These tendencies are 
reversed 30 minutes after the withdrawal of ether, and 12 
hours later the pH and alkaline reserve are slightly above the 
initial values, and the ketone bodies have fallen below. This 
evidence indicates that the acidosis of ether anzsthesia can 
be explained neither by a compensatory reaction to an acapnia, 
nor by the entrance of acid into the blood, but rather by the 
withdrawal of base from it. 

The value of this work is that the total minute-volume of 
lung ventilation was accurately followed with records obtained 
from a fairly sensitive body-plethysmograph, and that the 
ketone bodies were estimated along with direct electrometric 
determinations of blood pH and gasometric determinations 
of plasma bicarbonate. From the conclusive results of this 
study, then, it is clearly evident that respiratory variations 
under ether are not responsible for the changes in the blood 
reaction so uniformly observed. What, then, is? Deter- 
minations before and after operation by Reimann and Bloom 
(1918) had indicated an increase in the ketone bodies in 
patients under ether, but Short (1920) was unable to confirm 
this. Further reports by Reimann (1919) indicated that he 
realized the formation of the ketone bodies took place after 
the anzsthesia, and not during it. Gross (1923) has further 
observed that neither the ketone bodies nor lactic acid tend 
to accumulate in the blood of etherized dogs. It does not 
seem likely, in view of this evidence, that disturbances of 
tissue oxidation or metabolism under ether are the cause of 
the alterations in the acid-base equilibrium, unless such 
metabolic disturbances involve the formation of acids other 
than lactic acid or the ketone bodies. 
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There are, however, indications of disturbed metabolism 
under ether anesthesia. Hawk (1911) found dextrose in the 
urine after etherization in fasting and meat-fed dogs, and 
Ross and Hawk (1914) showed that the post-anzsthetic 
glycosuria was independent of body temperature and of the 
purity of the ether. Henderson and Underhill (1911) 
attempted to explain the glycosuria after ether as a result of 
an acapnial process. Atkinson and Ets (1922) reported an 
average rise of 94 per cent. in blood sugar after two hours’ 
anzsthesia in dogs, and a considerable mobilization of blood 
sugar persisted for many hours after the ether was withdrawn. 
These authors also found a temporary increase in the blood 
creatinine during ether anzsthesia. It has been shown by 
Murlin and Sweet (1916) that an increase in blood acidity, or 
in tissue acidity, particularly in the liver, produces a greater 
susceptibility toward the appearance of a hyperglyczemia, an 
observation well confirmed by Tatum (1920). What acids are 
involved, in the case of ether anzesthesia, however, is not 
clear. It may be said in passing that an asphyxial hyper- 
glyczemia under ether is not likely under customary anzsthetic 
methods. 

In connection with ether hyperglycemia, certain sugges- 
tions are of interest. Ross and Davis (1921) present some 
evidence that ether produces a hyperglyczemia chiefly through 
its depressing action on the internal secretion of the pancreas. 
Greenwald (1914) has shown, when this pancreatic secretion 
is diminished, as in diabetes mellitus, that citric acid intro- 
duced into the body is almost quantitatively excreted as 
glucose. Citric acid, as shown by the work of Amberg and 
Maver (1922) and Leake (1923), is probably a normal consti- 
tuent of body fluids. Faulty citric acid metabolism, under 
the effect of ether, may possibly be concerned in ether acidosis, 
but absolutely no work has been done along this line. 

It has been shown by Thalhimer (1923) that the administra- 
tion of insulin quickly and effectively clears up a post- 
operative (non-diabetic) acidosis. This acidosis is definitely 
of the alkali deficit type due to the presence of ketone bodies, 
and is found usually a day or more after operation. Whether 
this ketosis is due to the anzsthesia, or to operative manipula- 
tions, or to other reasons, has not been clearly determined. 
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It is, however, associated with faulty carbohydrate and fat 
metabolism, and with the toxzemic vomiting of pregnancy. As 
Thalhimer points out, the post-operative ketosis may originate 
in some slight abnormality of carbohydrate metabolism (such 
as the suppression of the secretion of the pancreatic hormone 
by the ether itself), and that the supervention of a vicious 
cycle, through starvation, at this critical period causes the 
ketosis with its symptoms to develop and persist, until broken 
at some point. The hyperglyczemia, consistently observed 
under ether anzsthesia, due to and occurring with the 
depression of the internal secretion of the pancreas under the 
influence of this drug, as postulated by Ross and Davis (1921), 
may be sufficient to inaugurate this vicious cycle. The 
appearance of the post-operative ketosis a day or more after 
the administration of the ether is significant, in view of the 
fact that the ketone bodies do not tend to accumulate during 
the period of etherization, even if this is prolonged for several 
hours. 

With respect to the effect of variations in kidney function, 
under ether anzsthesia, on the blood reaction, but little is 
known with certainty. Reimann and Hartmann (1919) found 
an increase in the total acidity of urine following anzsthesia, 
while Collip (1920) could note but little material change in 
the urine acidity during anzsthesia. MacNider (1920, 1921) 
showed that the anuria under ether comes on slowly and, 
while not directly related to the fall in blood bicarbonate, may 
be prevented by the administration of alkali. The direct 
determination of the rate of sodium and potassium excretion, 
Stehle, Bourne, and Barbour (1922), revealed a great decrease 
during anzesthesia, but it was so augmented in the post- 
anesthetic period that the total excretion of these substances 
for the experimental day was abnormally high. When 
morphine was given preceding the administration of ether, 
the rate of sodium and potassium excretion was greatly 
increased above normal both during and after the anzsthesia. 
Morphine has been shown by Leake and Koehler (1922) to 
cause a marked increase in the ketone bodies of blood, enough 
to produce at least a compensated alkali deficit. It was 
probably the excretion of these acids, neutralized by available 
blood alkali, which caused the excessive appearances of sodium 
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and potassium, both during and after the morphine-ether 
anesthesia, in the urine of the dogs worked upon by Stehle, 
Bourne, and Barbour. The anuria under ether alone was 
probably responsible for the reduction in the rate of alkali 
excretion during etherization, while the possible development 
of ketosis after ether, with the neutralization of the ketone 
bodies by available alkali and their excretion in the urine, was 
probably the cause of the post-anzesthetic increase in the rate 
of alkali excretion. Of course, other acid bodies, so far 
unrecognized, may play an exceedingly important réle in this 
connection.! 

Summary. Ether anesthesia causes (a) an immediate 
(Cullen, Austin, Kornblum, and Robinson, 1923) and marked 
fall in both the blood pH and bicarbonate, leading, if the 
etherization is sufficiently prolonged, to an uncompensated 
alkali deficit ; (b) this response is independent of respiratory 
variations under the influence of ether, and is not caused by 
the formation of ketone bodies nor lactic acid, and (c) there 
may be a ketosis developing several hours after the withdrawal 
of ether, due probably to deranged carbohydrate metabolism, 
which is apparently related to the depressing effect of ether 
on the normal insulin secretion of the pancreas. 


BLoop REACTION UNDER CHLOROFORM. 


Chloroform has been found by Cullen, Austin, Kornblum, 
and Robinson (1923) to have the same general effect upon the 
blood pH and bicarbonate as ether. The fall in blood 
bicarbonate and pH is just as immediate and just as marked 
under chloroform as under ether. Moreover, Gross (1923) 
could find no increase in ketone bodies or lactic acid during 
chloroform anzsthesia. These considerations lead to the 
conclusion that ether and chloroform are similar in their effects 
upon the acid-base balance of blood. 

Some slight differences in the detailed effects of ether and 
chloroform on the factors influencing blood reaction, however, 
have been noted. Morris (1917) observed that chloroform 
caused a greater fall in the alkaline reserve of blood than ether, 


1. The more recent work of Stehle and Bourne now shows that 
phosphoric acid is the one to which attention should be directed. 
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for the same degree of anzsthesia, and it has been found by 
MacNider (1921) to be more toxic for the kidneys than ether. 
MacNider noted previously (1920) that the anuria under 
chloroform came on more rapidly than under ether, and 
furthermore that under chloroform diuretics could not re-estab- 
lish urinary flow, whereas under ether similar diuretics were 
effective. It was noted by Rouzand (1919) that the hyper- 
glyczmia under chloroform was practically as marked as 
under ether, but that chloroform caused a greater increase in 
blood urea than ether. Finally Ross and Davis(1921) reported 
that, while chloroform probably leads to hyperglycemia by 
depressing the internal secretion of the pancreas as in the case 
of ether and not by direct liver injury, it affects the mechanism 
of glucose mobilization the day following anzesthesia accord- 
ing to the degree of liver injury. 

Summary. Chloroform anesthesia leads practically to the 
same changes in the acid-base equilibrium of blood as 
observed for ether anzsthesia, viz., an uncompensated alkali 
deficit. 


BLoop REACTION UNDER NITROUS OXIDE. 


In gas anesthesia, an important factor not hitherto 
mentioned in this discussion must be included among those 
influencing the acid-base equilibrium. This is the possibility 
of an anoxic anoxzmia, to use the terminology of Barcroft 
(1920). This factor is not of importance under ether or 
chloroform unless the anzsthesia is pushed to asphyxiation. 

Under nitrous oxide and oxygen, however, it is impossible 
to maintain satisfactory anzsthesia without some degree of 
anoxzmia. Normal arterial blood is more than g2 per cent. 
saturated with oxygen, while below this figure anoxemia may 
be considered present. Even with an anesthetic mixture of 
85 per cent. nitrous oxide and 15 per cent. oxygen, the arterial 
oxygen saturation will fall below 90 per cent. after 15 or 30 
minutes. Anzesthesia with this low concentration of nitrous 
oxide is unsatisfactory. In fact, Green (1924) affirms that 
unless the arterial blood is less than 80 per cent, saturated 
with oxygen, under nitrous oxide and oxygen, no anzsthesia, 
and probably not even analgesia, is present. 

The effects of an anoxic anoxzemia have been most clearly 


} 
i ‘ 
: 
by 
yh 


66 British Journal of Anzsthesia 


indicated by the experiments of Koehler, Brunquist, and 
Loevenhart (1923), in which pigs were subjected, under care- 
fully controlled conditions, to atmospheres low in oxygen, 
The changes in the blood reaction are graphically noted in 
figure 2. An initial mobilization of blood alkali occurred, 
followed by a rapidly developing true acidosis, or uncompen- 
sated alkali deficit. Upon removing the animals from the 
oxygen-poor atmosphere to normal conditions, the blood pH 
rose and became alkaline again before returning to its usual 
level. Depending upon the oxygen content of the inspired 
air, the experiment could be made relatively independent of 
actual time. 

With respect to nitrous oxide and oxygen anzsthesia, 
Crile (1915) noted an increased acidity of the blood and urine, 
not as marked as under ether or chloroform, and Casto (1917) 
found a moderate diminution of blood pH and bicarbonate. 
The careful studies of Cullen, Austin, Kornblum, and 
Robinson (1923) showed an initial rise in the pH and total 
CO, content of blood in the first few minutes of anzsthesia, 
followed rapidly by a fall in these values not as great as that 
observed under eth®r or chloroform. If this effect of nitrous 
oxide and oxygen anesthesia on blood reaction is due to the 
anoxic factor, as outlined above, then an indifferent gas, used 
in the same concentrations with oxygen, should have a similar 
effect. Using nitrogen in the same concentration with oxygen, 
instead of nitrous oxide, Cullen and his associates found this 
to be the case. In the reverse situation it has been shown by 
Wieland (1922) that phenomena of life not dependent on 
oxygen are no more affected by nitrous oxide than by an 
indifferent gas. From this he infers that the narcotic effects 
of nitrous oxide are associated with disturbed oxygen absorp- 
tion or utilization in the central nervous system. This may 
secondarily become a contributing factor in affecting blood 
reaction. Leake and Hertzman (1924) have recently confirmed 
the findings of Cullen and his co-workers with respect to the 
effect of nitrous oxide and oxygen on blood reaction, but their 
figures show a more prolonged alkalotic tendency on the part 
of the blood reaction before the turn to an alkali deficit. 

The initial alkalosis in anoxzemia was explained by > 
Lovenhart and his associates on an acapnial basis, but in 
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many of the animals under nitrous oxide and oxygen anzs- 
thesia, it was associated with a CO, content of blood higher 
than the initial value. The secondary acidotic tendency in 
anoxzmia and in nitrous oxide and oxygen anesthesia may 
be due to a ketosis, or to the same process operative in ether 
and chloroform anzesthesia, but no satisfactory work seems 
available for judgment. 

Summary. It is impossible to maintain satisfactory 
anesthesia under nitrous oxide and oxygen without some 
degree of anoxzmia. The changes in the acid-base equili- 
brium under nitrous oxide and oxygen seem to be due chiefly 
to this associated anoxzemia. These changes are found to be 
an initial increase in pH, with inconstant changes in the CO, 
content, followed by a fall in both the pH and CO, content. 
Nitrous oxide and oxygen anzsthesia does not influence blood 
reaction as rapidly nor as markedly as ether or chloroform. 


BLoop REACTION UNDER ETHYLENE, 

The most important recent event in the development of 
anzsthesia has been the revival of interest in ethylene as a 
general anesthetic. The possibility of using ethylene as a 
general anesthetic was first carefully investigated by Nunnely 
(1849) and Richardson (1885). The latter actually used it in 
practice, and found its only disadvantage to be its gaseous 
nature. Richardson further commented on the rapid recovery 
and lack of post-anzsthetic nausea under this gas. Recent 
interest in this anzsthetic agent has been stimulated by the 
reports of Luckhardt and his associates (1923) and by the work 
of Brown and Henderson (1923). 

In comparing ethylene with ether as a general anzsthetic 
agent, it is immediately apparent that ethylene leads to a more 
favourable post-anzsthetic condition. Luckhardt and Lewis 
(1923) report post-operative vomiting in 30.2 per cent. of a 
large series of cases under ethylene-oxygen, while in a 
comparable series under ether post-operative vomiting occurred 
in 76.6 per cent, of the patients. In view of the possibility 
that the post-anzsthetic complications of ether may be a 
consequence of the marked effects of this agent on blood 
reaction, Leake and Hertzman (1924) were led to investigate 
the effects of ethylene on the acid-base balance of blood in 
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order to ascertain if any difference existed between such effects 
and the now well recognized acidotic action of ether. 

A significant feature of ethylene-oxygen anzsthesia is the 
fact that mixtures of 85 to 87 per cent. ethylene with 15 to 
13 per cent. oxygen, respectively, may be used in many 
instances to induce anzsthesia, while a concentration of 80 to 
85 per cent. ethylene, with 20 to 15 per cent. oxygen, 
respectively, may be used to maintan it. In other words, the 
anoxzmia factor, so important in nitrous oxide and oxygen 
anesthesia, will not always be involved in ethylene-oxygen 
anzsthesia. Leake and Hertzman (1924) found that the effects 
of ethylene-oxygen anzsthesia on blood reaction were roughly 
correlated to the degree of anoxzemia. If no anoxemia was 
present, both the pH and CO, content tended to fall slightly, 
but not beyond normal limits, after 40 minutes of anzesthesia. 
If anoxzemia was present, as shown by direct determinations 
of the oxygen saturation of arterial blood, there was an initial 
rise in blood pH, as in the case of nitrous oxide and oxygen 
anzsthesia, with constant CO, content fluctuations, followed 
by a tendency for both the pH and CO, content of blood to 
fall. The experiments were not prolonged sufficiently to 
ascertain to what extent this tendency would develop. 

Under ethylene, then, if sufficient oxygen is present to keep 
the oxygen saturation of arterial blood within normal limits, 
no significant effects on the blood reaction may be expected 
beyond those which may secondarily arise through the 
narcotizing action resulting from deranged oxygen absorption 
or utilization in the central nervous system. On the other 
hand, if it is necessary to administer ethylene in such concen- 
trations that an anoxic anoxzemia develops, primary changes 
in the blood reaction as a consequence may be expected to 
follow along the paths suggested by Koehler, Brunquist, and 
Loevenhart (1923) for anoxzemia in general, and as shown by 
Cullen and his associates (1923) for nitrous oxide anoxzmia. 

Summary. If anoxzmia is present in ethylene-oxygen 
anesthesia, there is an initial mobilization of blood alkali, 
followed by a gradual tendency toward an uncompensated 
alkali deficit. If no anoxzmia is present, the pH and CO, 
content of blood both fall gradually, but not beyond normal 
limits after 40 minutes anzsthesia. The efiects of ethylene- 
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oxygen anzsthesia on blood reaction are therefore less even 
than those of nitrous oxide and oxygen anesthesia. 


BLoop REACTIONS UNDER OTHER TYPES OF AN2Z:STHESIA. 

Gauss and Wieland (1923) have found acetylene effective 
as a general anzsthetic in concentrations of less than 60 per 
cent., with the remainder oxygen. Under such circumstances 
anoxzmia, at least of the anoxic type, is impossible. The 
clinical reports on the use of this gas as an anesthetic are 
so favourable that careful study should be made of all its 
actions. Leake, and Hertzman (1924) were unable to estimate 
the blood pH under acetylene by electrometric means, because 
of the hydrogen unsaturation of the gas. By colorimetric 
means, however, on oxalated plasma, they have found no 
significant changes in the pH after 20 minutes anzsthesia. 
The anzsthesia under acetylene-oxygen in equal concentra- 
tions seems variable ; some dogs are well anzsthetized, others 
are not. 

No figures seem available regarding blood reaction under 
ethyl chloride. It seems probable, in view of the similarity of 
action between this substance and chloroform, that the acid- 
base equilibrium would show the same response as noted for 
chloroform anzsthesia. 

In view of the lack of general systemic action under local 
anesthesia, except with toxic doses, no effects on blood reaction 
are to be expected as a consequence of the use of various local 
anzesthetics. Rose (1922) studied the alkaline reserve on a 
series of 38 surgical patients, in whom procaine was used as 
the anzsthetic. Twenty-two patients show no change in the 
alkaline reserve, while sixteen revealed a decrease averaging 
4.5 volumes per cent., or just beyond the limits of error. On 
this evidence, one is justified in concluding that local 
anesthetics, unless used in toxic doses, have no effect on blood 
reaction. 

GENERAL SUMMARY. 

Excluding the doubtful possibility of a direct action of 
anzsthetic agents on the acid and basic elements of blood 
themselves, variations in three important body functions as a 
result of anzesthesia may influence blood reaction : (a) respira- 
tion; (b) kidney excretion, and (c) carbohydrate metabolism. 
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Anoxeemia, as a factor influencing the acid-base equilibrium, 
can be excluded from ordinary ether and _ chloroform 
anesthesia, but is most important in nitrous oxide and oxygen, 
or ethylene-oxygen anzsthesia. Local anzsthetics, unless in 
toxic doses, have no effect on blood reaction. 

Ether and chloroform cause an immediate and marked fall 
in both blood pH and bicarbonate, leading to an uncompensated 
alkali deficit. This response is independent of respiratory 
variations under the influence of the anzsthetic, and is not 
caused by the formation of ketone bodies nor lactic acid. A 
ketosis may develop several hours after the anzsthetic is 
withdrawn, due probably to deranged carbohydrate meta- 
bolism apparently related to the depressing action of these 
anzsthetics on the insulin secretion of the pancreas. 

The effects of ethylene-oxygen anzsthesia on the blood 
reaction seem to be related to the degree of anoxzmia present. 
If there is no anoxzmia, the pH and CO, content of arterial 
blood tend to fall slightly, but not beyond normal limits, 
within half an hour’s anesthesia. If anoxzmia is present, 
there is an initial increase in the blood pH, with inconstant 
changes in the CO, content. The alkalotic tendency may 
persist for 15 to 30 minutes, depending on the degree of 
anoxzemia, and is followed by a fall in both the pH and 
CO, content. 

It is impossible to maintain anzsthesia under nitrous oxide 
and oxygen without some anoxzemia. The changes in the 
blood reaction are similar to those observed in ethylene-oxygen 
anzsthesia when anoxzmia is present. Ethylene and nitrous 
oxid, when used as anesthetic agents with oxygen, do not 
influence blood reaction as markedly or as rapidly as ether 
and chloroform. 

Data is not available covering the effects of acetylene or 
ethyl chloride on blood reaction. 

Note. Since the above was written, I have performed 
several experiments with Dr. A. B. Hertzman which indicate 
that the pH of blood determined colorimetrically tends to fall 
slightly under acetylene-oxygen anzsthesia. We have, 
furthermore, secured evidence that the changes in the acid-base 
balance of blood under ethyl chloride anzsthesia are similar to 
those noted under ether and chloroform. 
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Since the above paper was written the following information with 
regard to the general subject has been acquired :— 


(1) The cause of the acidosis in ether anzsthesia seems to be 
related to phosphorus metabolism. It has recently been shown by 
Bourne and Stehle in a careful and painstaking study that during 
ether anesthesia neither the ketone bodies nor lactic acid accumulate 
in the blood or tend to be eliminated in the urine. Furthermore, 
these authors were unable to note any significant shift of the chloride 
or sulphate balance. However, in the continuation of their previous 
studies, they found that the sodium and potassium, which were 
excreted in abnormal amounts after etherization, were combined with 
phosphoric acid. 

In investigating the phosphorus content of the various organs of 
the body during etherization, these authors were able to demonstrate 
that the muscles showed a considerable loss of phosphorus while the 
liver showed an appreciable gain in phosphorus content. None of 
the other organs of the body showed any significant change in 
phosphorus content. After etherization the phosphorus content of the 
liver dropped rapidly to normal while the phosphorus content of the 
muscles was only slowly restored. 

It is the opinion of these workers that during etherization 
phosphoric acid leaves the muscles unaccompanied by base. The 
phosphoric acid then combines with available alkali in the blood 
stream, thus lowering the bicarbonate of the blood and contributing 
to the increased hydrion concentration universally noted. Since there 
is generally a partial or complete suppression of urine during etheriza- 
tion, in dogs at least, it is believed that these phosphates are stored 
in the liver until kidney function is resumed when they are eliminated 
in the urine. In a small number of clinical cases Dr. Bourne and Dr. 
Stehle have found evidence of a similar situation in chloroform and 
extended nitrous oxide anzesthesia. 

These very important experimental findings do not invalidate the 
possibility of a post-anzesthetic ketosis developing after ether and 
chloroform along the lines suggested in the body of the paper. 

(2) By colorimetric determinations of the plasma pH of blood 
from animals anesthetized with acetylene, Dr. Hertzman and myself 
have recently noted that the changes in the acid base equilibrium of 
blood under this anzesthetic agent are similar to those noted under 
ethylene and oxygen anesthesia when anoxzemia is not present. 

(3) We have further noted that the changes in the blood reaction 
in general anesthesia induced by ethyl chloride are similar to those 
noted for ether and chloroform. 
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Fig. 1. Simplified diagram taken from Van Slyke, showing the 
normal and abnormal variations in the acid-base equilibrium of blood. 
For explanation, see text. 
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Fig. 2. Diagram illustrating the changes in blood reaction in 
animals subjected to atmospheres poor in oxygen, followed with 
recovery. This diagram was constructed from data supplied by 
Koehler, Brunquist, and Loevenhart, and is published with the 
permission of Prof. A. S. Loevenhart. 
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Fig. 3. Diagram summarizing the changes in blood reaction in 
various types of anzesthesia. These curves are to be interpreted as 
type curves, and while they conform to individual cases, and averaged 
results, they have been “ idealized ”’ for convenience of expression. 
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MEDICO-LEGAL. 

The Court of Appeals of Kentucky in the case of Jett v. Linville 
(Ky.), 259, S.W.R. 43, in reversing a judgment in a lower Court, has 
decided that an anzesthetist is not responsible for negligence of 
surgeons. The Court held that the testimony showed conclusively 
that ‘the defendant could have taken no part whatever in the 
operation performed other than administering the anesthetic. It is 
a well-established rule in surgical operations that the anzesthetist is 
directly chargeable with the physical condition of the patient in the 
operating room, and his attention must always be directed solely to 
administering the proper amount of the anesthetic as will insure the 
patient’s remaining in a comatose condition while the knife is being 
used.” 
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NOTES ON THE ADMINISTRATION OF 
ETHER BY THE PERHALATION 
METHOD.* 


By A. Oaston, M.A., M.B., C.M., 
Anesthetist and Lecturer on Anesthetics, Aberdeen Royal Infirmary, 


eTH ER as given on an open mask will work satisfactorily 

with children and debilitated adults, but when it comes to 
dealing with young and vigorous adults of both sexes, it 
leaves a good deal to be desired. 

During the induction period, and to a lesser extent in the 
maintenance of anzsthesia, it leads to the use of excessive 
quantities of ether, and even then it may not be possible to get 
and keep the patient properly under. 

The reason for this difficulty in getting the patient under 
with the open mask is that the percentage of ether vapour 
obtainable from a gauze covered mask is insufficient to 
anzesthetize a strong healthy adult. According to the experi- 
ments of Hewitt and Syme, the maximum percentage of ether 
vapour obtainable from a gauze covered mask is about 14, 
while Connell has shown that 18 per cent., and in some cases 
more, is required to produce anzesthesia in an adult. In order 
to get a sufficiently strong percentage of ether vapour from 
the gauze mask, we must take advantage of certain of the 
physical properties of ether. Ether vapour is very mobile, 
and is about 2} times as heavy as air, and in consequence of 
this falls very rapidly. 

Consider for a moment what happens when ether is given 
ona gauze mask. During inspiration air is drawn in through 
the gauze, and in its passage through the gauze takes up, say, 
14 per cent. of ether. During expiration, air is blown outward 
through the gauze, and takes up a percentage of ether 


* These notes on Perhalation Ether were read to the Society of 
Scottish Anzesthetists. 
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probably higher than that taken up during inspiration, as 
the expired air is warmer. The ether blown out of the gauze 
is lost, so far as helping to produce anzsthesia is concerned, 
as, owing to the mobility and weight of the ether vapour, it 
has fallen below the level of the mask before the next 
inspiration. That this is so is shown by the following facts: 


1. If the hand be laid dorsum up on the patient’s pillow 
close to his head, during expiration cool ether vapour 
will be felt falling on the hand, though it is well out 
of the line of the patient’s breath. 

2. If the gauze be watched during expiration, ether vapour 
will be seen rising as a white cloud for a short distance 
above the mask and immediately pouring rapidly down 
the sides of the mask and the patient’s head. This 
white cloud is only to be seen if the air of the room is 
cool and moist. If the air is warm and dry, there is 
no white cloud, but the ether vapour can be seen falling 
as its refractive index is different from that of air, in 
the same way as the white cloud. 

3. If the anzesthetist, after the administration has gone on 
for a short time, will bend down and place his face 
almost touching the pillow and close to the patient’s 
head, he will find that the atmosphere there is 
unpleasantly strong with ether, whereas if he will keep 
his head higher than the patient’s, he will suffer no 
inconvenience, 


The behaviour of ether vapour can be more thoroughly 
and conveniently studied by means of an experimental mask, 
consisting of an ordinary metal funnel, to the large end of 
which a wire frame is attached, over which a number of layers 
of gauze can be stretched and secured by a rubber band. To 
the small end of the funnel a rubber tube three feet long is 
attached. If ether is poured on the gauze and the experi- 
menter blows through the rubber tube attached to the small 
end, all the phenomena above mentioned can be closely 
observed. It will be seen that the ether vapour rises only a 
very short distance above the gauze. If the experimenter 
blows gently so as to imitate quiet expiration, the distance 
will be less than half an inch, often not more than a quarter 
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of an inch, and even with forcible blowing not much more. 
A lighted taper may be held within an inch of the top of the 
gauze and the ether will not ignite, but if it is held below the 
mask it immediately catches fire. This shows that the risk of 
fire from ether vapour is much greater if the fire or light be 
at a lower level than the head of the patient. There is very 
little risk of fire from a lamp or gaslight, provided it is 
above the level of the patient’s head. It will be observed 
that the ether vapour falls very rapidly downwards and clings 
very closely to the surface of the gauze, diffusing very little 
laterally unless disturbed by air currents, and so rapidly that 
before the next inspiration practically the whole of it will have 
fallen below the level of the mask. One point is emphasized, 
namely, that the dome-shape of the ordinary mask is a 
particularly bad shape so far as conserving any of the expired 
ether is concerned, as the ether falls so readily down its 
sloping sides, and that the ordinary mask would be much 
more efficient if it were turned upside down, i.e., with the 
concavity upwards. The vapours of chloroform and ethyl 
chloride may be studied by means of the experimental mask. 
It will be found that they behave in the same way as ether, 
rising only a short distance above the gauze, and then falling 
quickly downwards, 

If a glass cylinder of sufficiently large diameter to fit the 
experimental mask be placed upon it and secured at the bottom 
with a rubber band so as to make it gas-tight, the upper 
end of the cylinder being left open, the ether vapour will be 
seen to rise for a short distance inside the cylinder and 
immediately sink back again on the gauze, while scarcely any 
of it can be detected escaping from the open top of the 
cylinder. 

It will be realized from the foregoing facts that probably 
more than 50 per cent, of the ether dropped on an ordinary 
mask is wasted, and it is by utilizing this wasted ether that 
one can get a sufficient percentage of ether to ensure proper 
control over the patient. What is required is some arrange- 
ment which will catch the expired ether vapour and prevent 
it falling downwards, so that it will be available to augment 
the percentage of ether in the next inspiration. Probably the 
best arrangement would be to place a frustum of a cone four 


British Journal of Anzsthesia 79 


or five inches deep, made from a towel or other suitable 
material, with its narrow end fitting round the base of the 
gauze covered mask and its upper wide end open. With the 
patient lying on his back this would probably catch most of 
the expired ether vapour, as, owing to the straight path 
downwards which ether vapour takes, very little would escape 
over the edge of the frustum. This arrangement, though 
efficient, is somewhat awkward, and for practical purposes a 
towel folded four times lengthwise and rolled into a cuff or 
cylinder with a diameter to fit the base of the mask, is 
applied over the mask, so that the gauze in the mask lies at 
the bottom of the cylinder. It will be found that with this 
arrangement it is much easier to induce anesthesia than with 
the ordinary mask, but the drawback is that the towel is very 
easily displaced. To overcome this difficulty I use a modifica- 
tion of Bellamy Gardner’s mask. In this modification the 
gauze-retaining ring is replaced by one carrying a number of 
wire uprights about four inches long, these being connected 
together by another ring at their distal ends. This ring is 
slightly wider than the retaining ring. To use this mask it is 
first covered by 12 to 16 layers of gauze and the retaining 
ring closed, then the folded towel is wound tightly round the 
upright frame, care being taken that it fits closely at the 
bottom and secured by a safety pin. A pad of cotton wool, 
six inches square, with a hole in the centre of it large enough 
to uncover the patient’s mouth and nose, is laid on the 
patient’s face, and the prepared mask placed on it. (The 
patient should have had a preliminary injection of morphia 
and atropin.) The administration of ether is then commenced 
by dropping ether on the gauze at the rate of about one drop 
every two or three seconds, commencing at the upper end of 
the gauze, well away from the patient’s mouth, then working 
round the sides. The middle of the gauze, which is 
immediately over the patient’s mouth and nose, should be 
avoided during the first minute. After that the ether may be 
dropped on the centre of the gauze. The rate of dropping 
should be increased as rapidly as the patient will tolerate. 
The drop bottle should be kept continually on the move so 
that no two drops may fall on the same spot. The breathing 
should be closely watched and any holding of the breath, 
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cough or other sign of discomfort calls for a decrease in the 
rate of dropping. After a couple of minutes at latest the rate 
of dropping should be increased sufficiently to get the whole 
of the gauze thoroughly wet, and it should be kept in this 
condition during the whole of the induction period. This is a 
point of great importance, and neglect of it is the chief cause 
of the difficulty beginners experience in getting the patient 
under. It is useless to keep one part of the gauze soaked and 
leave the rest dry, as the evaporating surface is reduced, and 
with this reduction the percentage of ether in the inspired air 
is lessened. Continuous dropping, just fast enough to keep 
the gauze thoroughly wet, is all that is required. It should 
rarely be necessary to pour ether on. If ether is poured on 
continuously a great deal of it is wasted, as the gauze acts as a 
drain and the excess finds its way down to the cotton wool 
pad which becomes soaked, and as little or no air passes 
through the wool to the patient, the ether is to a great extent 
lost so far as helping to anzsthetize the patient is concerned. 
An excess of ether is apt to cause freezing of the gauze, and 
once the gauze is frozen the percentage of ether that reaches 
the patient is reduced to a point lower than can be obtained 
from the mask kept just thoroughly wet. This is due to the 
rate of evaporation of ether being reduced by the low 
temperature, and to the fact that little air will pass through 
the frozen part of the gauze. It is very important that the 
administration should be continuous during the induction 
period, and nothing should be allowed to interfere with this. 
It is surprising how rapidly a patient comes round if the 
administration is discontinued during this period. As a rule 
the patient goes under quietly with little excitement, and in 
favourable cases anzesthesia is established in from six to ten 
minutes. If a clear airway can be maintained the patient 
will go under quietly, but should anything occur to hinder 
the free ingress of air it usually leads to an increase of 
secretion and a collection of mucous in the pharynx. This is 
most likely to occur in strong muscular individuals. The 
administration should be pushed until the corneal reflex is 
abolished. After that point is reached caution should be used, 

as this method is much more powerful than the ordinary | 
method, and it is quite an easy thing to get the patient too 


British Journal of Anzsthesia 81 


deeply under. The amount of ether given should be reduced, 
and will vary with different patients. After a little experience 
it is quite easy to maintain anzesthesia at any desired depth 
from the lightest to the deepest that is safe. 

An alternative method of using the mask, and one that is 
more pleasant for the patient, is to commence the administra- 
tion with the mask, prepared as before, upside down, and to 
drop the ether on the concave surface of the gauze. As the 
gauze is farther from the patient’s face, the ether vapour is 
better diffused through the air before it reaches him, and 
consequently is much less irritant. The mask is kept in this 
position during the first two minutes, and then turned to the 
ordinary position, and the administration continued as in the 
first method. With young children it may be advisable to 
keep the mask in this position during the whole of the 
administration. 

My mask works well with Shipway’s warm ether apparatus, 
and Dr. Fairlie, of Glasgow, informs me that he uses it 
successfully with Pinson and Wilson’s ether bomb. 

Asa rule from 1 and 1} ounces to 2 ounces of ether will be 
required to anzsthetize the patient, 2 ounces more during the 
first half hour, and 2 ounces for the second half hour. 

The important point to keep in mind is that it is only by 
utilizing the ether vapour blown out of the mask during 
expiration that it is possible to get a sufficient concentration 
of ether vapour to ensure complete control of any case. The 
method I have described is but one way of doing this, and 
other methods may occur to other anesthetists, e.g., with a 
patient lying on his side; an ordinary mask may be used, and 
a folded towel arranged in front of his face so as to form a 
reservoir to catch the ether blown out of the mask. 

I have recently been trying to apply the principle of my 
mask to the Clover inhaler by substituting for the rubber bag 
a metal cylinder open at the top and closed at the bottom. This 
cylinder is 4 inches high and 3} inches in diameter. Close to 
the bottom it has a hole into which a short length of 3? brass 
tube is soldered. It is attached to the Clover by means of an 
elbow-piece which is free to rotate on the brass tube, and 
in the hole in the top of the Clover, so that the cylinder can 
be always kept in a vertical position. The cylinder acts as a 


| 
. 
a4 
_ 


82 British Journal of Anesthesia 


trap for the ether vapour in the expired air, while the open 
top allows the patient to have plenty of air. I have found it 
useful in maintaining anzesthesia in cases where, from the 
position of the patient, it was inconvenient to use the mask. 
My experience of it has been too short to say whether it is to 
be a success or not, 


Open NiTROUS OXIDE-ETHER SEQUENCE. 

In order to reduce the length of the induction period and 
to make it more pleasant for the patient, I have been 
accustomed to commence the administration with nitrous oxide 
given with the mask I have described by the open method of 
Flux. With the mask prepared and in position a tube is led 
from the nitrous oxide cylinder and held just inside the top of 
the mask. The gas is then turned on and allowed to flow into 
the mask. Being heavier than air, it rapidly displaces the air 
inside the mask, and the patient goes under almost as rapidly 
as when using the ordinary closed method. After eight or 
ten breaths the patient’s breathing gets deeper and steadier 
and consciousness is lost. At this point the administration of 
the ether is cautiously commenced. If there is no alteration 
in the respiration the rate of dropping is quickly increased so 
aS to get the whole of the gauze wet. The colour of the 
patient is closely watched for the first sign of duskiness. As 
soon as this appears the flows of nitrous oxide is reduced. 
When automatic breathing is properly established the gas 
supply is cut off and the administration continued with ether 
alone. It is very important to avoid any duskiness or 
cyanosis, and when any sign of this appears the mask should 
be lifted, and the patient allowed a breath of air, the amount 
of nitrous oxide being at the same time reduced. When this 
sequence is used the patient goes under very quietly with 
no struggling. The induction period by this method is 
usually four or five minutes. 


The Eastern Society of Anzesthetists meets with the Congress of 
Surgeons at New York City, Oct. 20—24, and the third annual meeting 
of the Southern Association of Ancesthetists, in conjunction with the 
Southern Medical Association, will be held at New Orleans, Novem- 
ber 24—27. 


a. Mask. c. Mask fully draped and ready for use. 
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Mask with gauze only, before towel is pinned round 
uprights. 
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A Combined Endo-tracheal Pump and Suction Apparatus. 
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A COMBINED ENDO-TRACHEAL PUMP 
AND SUCTION APPARATUS. 
by C. Lancton Hewer, M.B., B.S., Lond. 


OST anesthetists will agree that it would be 
advantageous to have one universal machine with 
which all their work could be done. At the present time, in 
order to cope with their varied needs, anzesthetists must 
possess, amongst other things, a gas and a Junker’s bottle 
as an emergency standby. The machine illustrated is an 
attempt to combine the functions of all the foregoing. As can 
be seen from the plate, a stout board carries— 

(1) A modified Reavell-Moseley electric motor with direct- 
coupled rotary pump. The motor is specially wound to 
operate on direct or alternating current from 100—50 
volts. This range covers practically every main supply 
in the United Kingdom. 

(2) A small chloroform bottle with regulator as used on 
the latest pattern Boyle’s gas and oxygen machine. 

(3) A large ether bottle with the same type of regulator 
and mounted on an extension of the heater to prevent 
freezing. 

(4) A mercury manometer with adjustable automatic blow- 
off. 

(5) A heater with regulator and thermometer. The writer 
is not convinced of the necessity for this, but those who 
are can obtain vapour delivered from the exit-tube at 
any temperature from that of the theatre to 130°F. 

(6) A rheostat for regulating the speed of the motor, and 
consequently the pressure. 

(7) A large suction bottle for blood, pus, etc. 

(8) Filters, switches, etc. 

The different components are connected with special 
pressure tubing made from a composition which does not 
perish. The tubing is of such thickness that kinking is 
impossible, and that on the suction side is quickly detachable 
for boiling between each case. 

The above set is portable and is provided with a wooden 
cover and strap, but if intended for hospital work the board is 
mounted on a metal stand fitted with wheels and carrying 
cylinders of nitrous oxide and oxygen. In this form any 
variety of vapour anzsthetic can be administered and powerful 
suction can be obtained simultaneously when necessary. 
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A MORTON MEMORIAL. 


On September 1st, there was presented to the town of Charlton, 
Massachusetts, a monument erected in honour of Dr. Wm. T. G. 
Morton, who made the first public demonstration of ether as an 
anzesthetic at the Massachusetts General Hospital, October 16, 1846. 
Miss Julia N. Gould, the daughter of the Dr. Gould who was present 
at the first demonstration of ether, unveiled the memorial. 

The principal address was delivered by Dr. Francis M. Rackman, 
who said in part* :— 

The sixteenth day of October is an anniversary of world-wide 
importance. It is celebrated each year with appropriate exercises at 
the Massachusetts General Hospital and often in other places. On 
Ether Day the former house officers return to Boston and come 
together once again to show their respect for the hospital where they 
were trained and to show their appreciation of the great discovery 
which was made by Dr. William Thomas Green Morton in 1846 within 
its walls. 

Many features of the Discovery of Ether are worthy of discussion. 
Dr. Morton must have been an extraordinary man, and I would call 
your attention to several features of his life and work which are not 
ordinarily referred to. For example, is it not remarkable that one of 
the greatest blessings to mankind should have been discovered by a 
man only twenty-seven years old? 

Here in this beautiful country town he was born and here his early 
life was spent on the farm and in the fields and woods. We are told 
that he always wanted to be a doctor, and in studying his early life 
it is remarkable to see with what persistence and tenacity this desire 
was maintained in spite of a series of early misfortunes, and in spite 
of Dr. Pierce’s warning: ‘‘ Young man, you hardly know what you 
talk about and how hard I have to work.”” How well his early career 
illustrates the influence of his boyhood environment. Characteristic 
of the typical New Englander, who must meet and solve by himself 
the real problems which occur each day, Morton exhibited a rare 
degree of initiative, intelligence, and especially the quality which has 
been called stick-to-it-iveness. Medicine in those days was learned 
mainly by apprenticeship to some eminent practitioner. The student 
of medicine had none of the advantages of hospitals, libraries and 
well-appointed laboratories which students have to-day. Preliminary 
education along general lines was required. This education Morton 
obtained in country schools and in the academies of surrounding 
towns. 


* Abstracted from the Boston Medical and Surgical Journal, Sep- 
tember 18, 1924. 
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But there were early misfortunes. We are told that Dr. Morton’s 
school work was interrupted by an unjust punishment. We are told 
that later his father’s business failed and it became necessary for him 
to stop his studies and go to Boston, where he entered a publishing 
house to spend his days doing manual labour. But we learn that 
during this time his spare moments were put to good account, and 
his only regret was that the day’s work left him with so little time 
and energy for his books. But note that the idea of studying 
medicine never left him. Although his success in the publishing 
business was moderate, he was not happy. 

It is not surprising, therefore, that we find him at the age of 21 in 
the new School of Dentistry recently established in Baltimore. It is 
not surprising that in dentistry Morton should find a suitable outlet 
for his desire to be of service to mankind. Now we see the scientific 
attitude of this young man who was then only 25 years old. Teeth 
in those days were removed. They were not extracted, but the roots 
were broken off and left in place, where the diseased process at the 
bottoms could remain active. Think of the ability of the man that he 
should recognize that these roots must be removed! But to remove 
them meant pain and intense suffering to the patient—a stumbling 
block which simply had to be crossed if success was to follow proper 
treatment. The use of local applications in the form of various drugs 
was not wholly satisfactory, although it helped somewhat. 

In the meantime, in 1844, Morton entered the Harvard Medical 
School where he attended the full course of lectures, and in addition 
to this school work continued to practice dental surgery and make 
false teeth. His skill grew. His practice also grew, and if we can 
believe the story this practice must have been tremendous when 
materials for making artificial teeth were ordered in hundred-pound 
lots, and the income of his business was measured in thousands of 
dollars per year. What a contrast this is to the experience of the 
young man two years out of the Dental School to-day! 

But young Morton clung to his original object. He was deter- 
mined that tooth roots should be extracted, and extracted painlessly. 
Ether was one of the drugs which he placed directly on the tooth to 
deaden the pain, and he was quick to notice that when considerable 
quantities were used the patient became dopey or groggy. This was 
an important observation, and it was not long before we find him 
experimenting with it. 

I quote from ‘ Trials of a Public Benefactor,’ written by Dr. 
Nathan P. Rice in 1859 :— 


“Taking with him a quantity of sulphuric ether, Morton 
tepaired to the country, where, among several experiments which 
he made with it, the most marked and satisfactory was upon a 
water spaniel. The ether was poured upon some cotton placed in 
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the bottom of a tin pan, and the dog’s head was held directly over 
it. In a short time (to use his own words) ‘ the dog wilted com- 
pletely away in his hands, and remained insensible to all his efforts 
to arouse him by moving or pinching him’; and yet after the 
removal. of the pan became in two or three minutes as lively and 
conscious as ever. Here was the effect sought, and here was 
demonstrated a complete success.’ 


The next step was to try it on man—and first on himself. Again I 
quote from his own description :— 


“Taking the tube and flask, I shut myself up in my room, 
seated myself in the operating chair, and commenced inhaling. I 
found the ether so strong that it partially suffocated me, but 
produced no decided effect. I then saturated my handkerchief and 
inhaled it from that. I looked at my watch and soon lost conscious- 
ness. As I recovered I felt a numbness in my limbs, with a 
sensation like nightmare, and would have given the world for 
someone to come and arouse me. I thought for a moment I should 
die in that state, and the world would only pity or ridicule my 
folly. At length I felt a slight tingling of the blood in the end 
of my third finger, and made an effort to touch it with my thumb, 
but without success. At a second effort I touched it, but there 
seemed to be no sensation. I gradually raised my arm and 
pinched my thigh, but I could see that sensation was imperfect. 
I attempted to rise from my chair, but fell back. Gradually I 
regained power over my limbs, and full consciousness. I imme- 
diately looked at my watch and found that I had been insensible 
between seven and eight minutes.” 


Morton was delighted with this experiment. That same day came 
a Mr. Frost with a severe toothache who wanted to be mesmerized, 
but on learning that Morton had something better quickly submitted 
to the ether, and the tooth was quickly and easily extracted without 
pain of any kind. What a thrill this young investigator must have 
felt! No wonder he was anxious to study the subject further. 

Again we find the attitude of the true scientist. Here was a young 
man coming into his prime, with a large business and many patients ; 
a man who, having made a discovery, resolved at once and without 
hesitation to give up this large and lucrative practice, to devote 
himself to the cause which he recognized as so great. I must 
emphasize that his life was directed along a straight line toward a 
single purpose, the relief of suffering by the removal of bad teeth, 
and that the discovery of Ether was only a means to the original end. 
What a clear vision and a dogged persistence this extraordinary man 
displayed. 

His wife writes that on October 16, 1846, the day of the great 
demonstration at the Massachusetts General Hospital, Dr. Morton 
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came home to her with a gloom of manner and evident depression. 
This gives us a suggestion of what mental suffering he must have 
endured. Just picture if you can this young man only 27 years old, 
going to an old institution there to demonstrate such a dramatic 
thing as Ether anesthesia to the most distinguished physicians and 
surgeons of that day. Suppose the ether had not produced insensi- 
bility to pain or suppose that the patient had died from its effects! 
What a tremendous responsibility he undertook and what tremendous 
courage and fortitude he displayed in daring to present his discovery 
in this way. Is it any wonder that when it was over the reaction 
was intense? 

I do not suppose that many of you realize the full significance of 
what Morton’s discovery has meant to the world. Of course it is easy 
to appreciate the contrast between operations of that time and those 
of to-day. The big straps still attached to the chairs in the old 
operating amphitheatre at the Massachusetts General Hospital; the 
hooks firmly bolted to the wall; the ropes and blocks in the corner 
are mute evidence of what went on there at one time. I dare say all 
of you have smelt ether at one time or another, and no doubt many 
of you have been under its influence, but I doubt if any of us can 
have the slightest conception of what such an operation as the 
amputation of a leg must have been without anesthesia. 

And now I think of one more point. The later story of Dr. 
Morton’s life is sad indeed. His great work was done at the age of 
twenty-seven, but he lived on for twenty-two years afterwards—a life 
full of distress and anxiety. The value to mankind of his discovery 
was soon recognized by the Hospital and by the Medical Societies ; 
and we can all imagine how such an important discovery might 
tightly bear with it a handsome financial reward. On this count 
Morton was beset by a nuinber of men jealous of his success, who, in 
the hope of securing a share, large or small, in this financial return, 
tried to take the honour and glory from him. His former partner 
who, the year before, had introduced ‘‘ laughing gas,’’? claimed to 
have given Morton the idea of producing insensibility by inhaling a 
gas. A man in Georgia named Long, who, three years before, had 
administered ether to a patient, but who was so indifferent as not to 
realize what he had done, made an effort to claim priority. A chemist 
in Boston and a friend of Morton, who had made some technical 
suggestions early in the work, tried to assume an important réle. 

Dr. William H. Welch has summarized the results of a controversy 
which was so bitter when he said :— 

“The chief glory belongs to Morton’s deed in demonstrating 
publicly and convincingly the applicability of anzesthetic inhalation 
for surgical purposes and under such fortunate circumstances that 
the knowledge became, as quickly as it could be, the blessed 
possession of the whole world.”’ 
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ABSTRACTS OF CURRENT ANZSTHETIC 
LITERATURE. 


Blood sedimentation test as an aid in the diagnosis of surgical infec- 
tions and its variations under anesthesia. BERNARD FRIED- 
LAENDER, ‘“‘ Current Researches,” Anesthesia and Analgesia, 
Aug., 1924. 

By this test Friedlaender demonstrated that unless there is some 
pre-operative infection in the respiratory apparatus the anesthetic 
itself will not be followed by any post-operative lung complication. 
He thus rules out the anesthetic as the etiological factor in post- 
operative respiratory infections. The exception to this rule he found 
to be the long-continued Trendelenberg position, with its tendency to 
produce hypostasis of the lungs; and cases of general debility. 

The test consists in observing the time required for the separation 
of the blood-cells from the plasma in a small, specially constructed 
tube, the blood having first been rendered non-coagulable by the 
addition of sodium citrate solution. In a group of 100 average 
surgical cases he found that there was no change in the sedimentation 
time during, before and after operation. 

He found that, generally speaking, a low sedimentation time 
indicates an active infection either in the field of operation or the 
respiratory tract. If one of these is present without the other, there 
is a possibility of post-operative lung involvement. If both are 
present we may expect it almost with certainty. 


Synergistic analgesia as employed in the first 1,000 cases about the 
head and neck. FRANcIS L. LEDERER, American Journal of 
Surgery, Anzesthetic Supplement, July, 1924. 

The author found this type of anzsthesia useful in keeping the 
entire field of a head or neck operation free for the surgeon and his 
assistants, and in this series an attempt has been made to determine 
the relative importance of the morphine and the ether in the produc- 
tion and maintenance of analgesia and anzsthesia by the colonic 
method. 

Patients were prepared as for general anesthesia. Three to four 
hours prior to operation 4 grain morphine sulphate, dissolved in 2 cc. 
of a sterile, fresh 25 per cent. solution of magnesium sulphate, was 
injected intra-muscularly deep into the gluteal region, a long needle 
being used by preference. Every half hour for three doses the 
injection was given, and a half hour after the last injection the 
following solution was administered slowly per rectum (over a twenty . 
minute period) : ether, 3 0z.; olive oil, 3 0z.; paraldehyde, 2 dr. 

The conclusion arrived at by the author is that “‘ anzesthesia cannot 
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be induced by the rectal method of the administration of ether-oil 
unless morphine is previously administered without requiring so large 
a dose as to produce intestinal irritation, diarrhcea, colitis, and 
probably death.” 


Methods of control of anesthesia in cerebral cases. W. EASSON 
Brown, Current Researches in Anesthesia and Analgesia, 
Aug., 1924. 

The author describes a method which obviates the necessity of the 
anesthetist being in the immediate vicinity of the operative field, 
thus allowing more room for the surgeon and his assistants. He uses 
intra-tracheal anzesthesia, and is able to follow both respirations and 
blood pressure while seated six or seven feet away, the apparatus 
being placed at the foot of the operating table. The equipment 
consists of a Connell insufflation machine, blood pressure dial and 
bulb, stethoscope, mercury U-tube and watch. An oxygen tank is 
also at hand. The patient lies either with the head to one side or 
with the face down, and the catheter, which has been previously 
introduced with the aid of a Jackson laryngoscope, is connected by a 
tube running along the side of the operating table to the delivery 
outlet of the insufflation machine, its mercury gauge being set at 
30 mm., thus making it impossible to raise the lung pressure above 
this. An amount of ether is turned on which is judged sufficient to 
maintain anzesthesia, the machine making it possible to deliver to the 
patient for a long period definitely known percentages of ether vapour. 
The author found that during the first half hour approximately a 
3 per cent. vapour was used and this was gradually reduced to 2 per 
cent. Oxygen was allowed to run slowly throughout the operation, 
and both blood pressure and pulse rate were watched through the 
lengthened tubes connecting the dial, bulb and stethoscope. Marcey’s 
pneumograph applied about the chest permits respiratory movements 
to be recorded upon a U-tube containing mercury set up on the 
anzesthetist’s table. The advantages of this method are that the 
anesthetist has control of the amount of anesthetic given, he is 
assured that there is adequate oxygenation, blood pressure and pulse 
readings can be made at any time, variations of respiration are always 
in view, while the anesthetist is out of the way of the surgeon and 
assistants. 


Anesthesia in obstetrics. WESLEY BOURNE, Canadian Med. Assocn. 
Journ., Toronto, Aug., 1924. 

Dr. Bourne, in describing methods employed at the Montreal 
Maternity Hospital, states that in certain cases use was made of 
methylene chloride for producing analgesia. The substance is one of 
the chlorine substitution products of methane (CH,Cl,), and does not 
impede muscular efforts. 
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Anesthesia deaths, some avoidable causes. J. F. BALDWIN, Amer, 
Journ. of Surgery, Aug., 1924. 

Dr. Baldwin resports his conclusions from thirteen fatalities which 
occurred during his operating experience, seven of which he attributes 
in part to the lack of care on the part of the physicians administering 
the anesthetic. In these cases he asserts that death would not have 
occurred if ‘‘ a careful and watchful anesthetist had been in charge.” 
He believes that no man should undertake this sort of work who is 
not a careful physician, and who has not qualified himself for the 
administration of anzesthetics, and he particularly flays the man who 
neglects his part of the operation by becoming a “ spectator.” The 
anresthetist should attend strictly to his particular job, and watch 
every breath of the patient. Only in this way can safety be expected. 
Regional anesthesia. M. E. BLAHD, Journ. Am. Med. Assoc., Aug., 

1924. 

Blahd urges the importance of care in using procain. The drug, 
though practically non-toxic, when injected into the circulation 
becomes extremely so, and may cause sudden and quick death. To 
prevent this accident he advises (1) wherever possible to keep the 
needle in continuous motion while injecting, and (2) when necessary 
to inject with the needle in a stationary position, as in anterior 
splanchnic anesthesia, to aspirate for blood before each syringeful is 
injected. 

Explosibility of ethylene mixtures. W. EassON Brown, Anesthesia 
and Analgesia, June, 1924. 

Brown’s experiments in the Department of Pharmacology, Univer- 
sity of Toronto, proved that the mixture of ethylene and oxygen 
which would explode contained a minimum of 4o per cent. to 45 per 
cent. oxygen. Any mixture having a higher percentage of oxygen 
would explode with violence, increasing directly with the oxygen 
percentage, the maximum violence being reached with three volumes 
of oxygen to one of ethylene. 

The most likely places for this explosion to occur, he believes, is 
in the mixing chamber and delivery tube. 

The strength of the ethylene-oxygen mixture used as an anesthetic 
varies from 10 per cent. to 25 per cent. oxygen. He states that such 
a mixture cannot be exploded by means of an electric spark. 


Ethylene anesthesia, an imbrovement but not perfection. ANSEL M. 
CAINE. 

As a result of observations made in 290 cases of ethylene anzes- 
thesia, Caine mentions the following disadvantages : its disagreeable 
and irritating odour; its inflammable and explosive potentialities ; it 
is not free from causing nausea ; it does not uniformly produce perfect 
relaxation ; and it is a slight vaso-dilatant. Its advantages are that 
it induces unconsciousness and anzesthesia as rapidly as does nitrous 
oxide, and almost uniformly without struggling or excitement; a 
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uniformly higher percentage of oxygen can be used for the same plane 
of anzesthesia than with nitrous oxide; muscular relaxation can be 
obtained usually without injecting the abdominal wall with novocain ; 
it is superior to nitrous oxide in oral surgery; and it first raises and 
then lowers the blood pressure, or rather maintains it about the 


normal level. 


The comparative value of ethylene as an anesthetic. JOHN S. LUNDY, 
Journ, Amer. Med. Assocn., Chicago, Aug. 2, 1924. 

Dr. Lundy, who has recently joined the staff of the Mayo Clinic 
after a very successful service at Seattle, gives the conclusions he has 
drawn from the 2,000 cases of ethylene anzesthesia at Rochester, as 
well as from the series at his former location. He does not believe 
that ethylene and oxygen alone are sufficient for all routine operations. 
As the normal person requires 20 per cent. of oxygen it is essential 
to add at least that proportion when ethylene is being administered. 
This combination may not give complete relaxation, and it is therefore 
advisable to give a preliminary of morphia, or a local anzesthetic, or 
ether may be added. He thinks that ethylene will replace nitrous 
oxide to a great extent, but not altogether. The advantages of ethy- 
lene are especially observed in weak patients and poor-risk cases. 

As has been noted by Easson Brown, Dr. Lundy repeats that the 
chief disadvantage of ethylene is its inflammability. In the 163 
patients operated on at Seattle under ethylene, 19 different combina- 
tions were used, representing the work of 70 surgeons at 13 different 
hospitals. This very exacting test brought out the following facts : 
there was some straining during operation in 19 per cent., no post- 
operative vomiting in 72 per cent., slight vomiting in 26 per cent., 
and excessive vomiting in 0.5 per cent : shock developed in less than 
3 per cent. At the close of operation 82 per cent. were in excellent 
condition despite the fact that 27 per cent. were bad risk cases. The 
range of ages was 16 days to 82 years. There were no anesthetic 
fatalities. 

He concludes with the statement that the status of ethylene cannot 
yet be definitely determined ; further study and experimentation are 
essential. 

The discussion which took place on the above paper, abstracted 
from the report in the Journal of the American Medical Association, 
was in part as follows :— 

Dr. IsaBELLA C. HERB (Chicago) : As there may be explosions, we 
have one machine in which there is a nitrous oxide tank, and we use 
that machine when the cautery is used or when there is to be any 
spark, such as in diathermy or fulguration. That is the only time we 
use nitrous oxide. I fail absolutely to see any advantage of combining 
nitrous oxide with ethylene. I can do everything with ethylene that 
anyone else can do with nitrous oxide. We are using it for every- 
thing except for operations in the upper abdomen, on the bile tract 
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and on the stomach. We have had more than 4,000 cases. None of 
our patients have had premedication, so that our results are due to 
ethylene alone. Once in a while we have switched in ether for half 
a dozen inhalations and then continued with ethylene. As to vomit- 
ing, that seems to be due to the supply of ethylene. Occasionally 
we get a tank with which there will not be a case of vomiting. 
Maybe with the next tank more than half the patients will vomit. 
We have noticed that when there is considerable vomiting there is 
considerable odour ; hence we can tell when the patients are going to 
vomit. Pure ethylene is practically odourless. As to the inflamma- 
bility of ethylene experiments have shown that only when much 
oxygen is mixed with ethylene will an explosion occur. A 50 per 
cent. mixture is safe. As to the effect on the respiratory tract, we 
have had no bad effect. If I cannot control a patient with ethylene 
and 10 per cent. oxygen then I switch to ether. There is hardly any 
physical condition that will contra-indicate ethylene. I cannot agree 
with Dr. Lundy that ethylene will not replace nitrous oxide. I 
believe it is going to replace it completely. 

Dr. N. S. Heantey (Chicago) : We have had two explosions with 
ethylene, both due to static sparks. Both occurred in the delivery 
room, where the intermittent use of the gas gives greater opportunity 
for static ignition. I think that they can be prevented by proper 
insulation. 

Dr. Cart Henry Davis (Milwaukee): I could demonstrate with 
ethylene that it is possible to kill the young in utero without killing 
the mother; that the pregnant near term are much more susceptible 
to anzsthesia than those in early pregnancy, and that a greater 
oxygen requirement is needed. I have kept some of the animals 
under observation for three months after administration of the 
anzesthetic, and my feeling is that if I were to take a general anzs- 
thetic ethylene would be my choice. If we are using ethylene-oxygen 
in obstetrics a fewer number of inhalations must be given because it 
produces greater relaxation and tends to cause a cessation of the pain 
such as occurs with ether. I believe with Dr. Herb that the proba- 
bilities are that ethylene will eventually, completely supplant nitrous 
oxide. 

Dr. A. B. LucKHARDT (Chicago) : Early in the scientific investiga- 
tion Mr. Carter and I had in mind the possible use of this gas in 
cachetic patients. Dogs that were in a bad state of nutrition showed 
no deleterious effects. I recall one experiment in which a cachetic 
dog was anzsthetized 15 times in 21 days for three quarters of an 
hour at a time and showed no ill effects. 

Dr. WM. F. Hewitt (Chicago): I can only reiterate what Dr. 
Heaney said in emphasizing the results that Dr. Lundy found in 
labour ; that is, that in labour ethylene is a second stage and not a 
first stage anesthetic. The future anesthetic machine will be one 
in which a few anesthetics will be available, as found by Dr. Lundy. 
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Dr. JoHN S. Lunpy (Rochester, Minn.) : In the surgical work of 
the Mayo Clinic they use ethylene-oxygen and little or no nitrous 
oxide. In the Section of Obstetrics it has been found, exactly as Dr. 
Hewitt has said, that in the first stage of labour better control is 
obtained with nitrous oxide and oxygen than with ethylene. Of the 
three agents, nitrous oxide is the weakest and ether the strongest, 
ethylene being about midway between. 


Propylene anesthesia. J. T. Hatsry, Et. al. New Orleans Medical 
and Surgical Journal, July, 1924. 

Yet a new anzesthetic is claimed to have been brought to public 
notice under the name of propylene, which is said to have three times 
the anesthetic value of ethylene. Experiments conducted by the 
author and his associates suggest the likelihood of other substances 
besides propylene being present and that the anzsthetic powers are 
due partly or mainly to these latter. Thus far tests have been limited 
to experiments on animals. 


Anesthesia in children. DREESMANN, Zentralblatt fiir Chirurgie, 
Leipzig, July 19, 1924. 

The writer found it very useful to sprinkle a few drops of Cologne 
on the mask and follow this in one or two minutes with the anzes- 
thetic. He saw no excitement with this method, the children going 
under calmly, and a smooth anesthetic resulting. In timid or nervous 
adults he found this also highly satisfactory. 

Idiosyncrasy to scopolamin. H. StrusBeE, Zeitschrift fiir Geb. und 
Gyndkologie, Stuttgart, June 28, 1924. 

In this article Strube urges that before injecting scopolamin- 
morphin a test injection of 0.0002 gm. of scopolamin should be given 
to see if any idiosyncrasy for this drug is present. He reports three 
cases where this condition resulted in grave consequences. Should 


oligopnea and xanthopsia develop in five minutes no more scopolamin 
should be used. 


We are glad to announce that amongst the Papers 
promised for the next Number are the following :— 


“* Acetylene Anzsthesia,’’ by Prof. Dr. Hermann 
Wieland, Konigsberg. 

‘*The Exhalation of Ether after Narcosis,’’ by Prof. 
Carl Gramen, Stockholm. 

‘‘The Convenience and Inconvenience of Local 
Anesthesia,’’ by Drs. R. Riccio and F. Buonomo 
La Rossa, Naples ; and 

‘* Nitrous Oxide, Ethylene, Acetylene—with Oxygen,”’ 
by Drs. Aaron and Julius D. Goldman, New York. 
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To the Editor of the “‘ British Journal of Anesthesia.’’ 

Dear Sir,—I had what was to me a peculiar experience with ethyl- 
chloride a few days ago. I was pulling out a molar for a healthy 
young woman and froze the gum with an ethyl-chloride spray. The 
gum became white almost immediately; so very little spray was 
used—less than I generally have to use. I pulled the tooth out and 
told the patient to spit. To my surprise she made no attempt to do 
so, and on looking at her I found she was quite unconscious. She was 
sitting in an upright deal chair and I was supporting the top of her 
head with my left hand. She remained quite unconscious for as long 
as it would have taken me to pull out two or more teeth. Then she 
came round and was immediately able to spit and wash her mouth 
out. 

She told me she did not remember anything at all after first feeling 
the spray on her gum. Yours faithfully, 

Sept. 11th, 1924. H. E. BLOXSOME, M.R.C.S., L.R.C.P. 
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